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D scrlptlon 



FIELD OF THE INVENTION 

Halogen-free f lame-retardant mat rials ar desirable to provide both insulation and jacketing in low-voltage 
cables in areas where it is necessary to avoid the generation of corrosive gas in case of fire. Such areas where 
halogen-free low-voltage cables are useful include hotels, hospitals, schools and theaters. 

Insulating materials should have adequate electrical, physical, and flame retardant properties. These in- 
clude insulation resistance; tensile strength and elongation; resistance to aging at 100°C; resistance to knife 
penetration at 70°C; impact resistance at -25°C; cold bend at -1 5°C; low water absorption at 70°C; limited creep 
at 80°C; and heat shock resistance at 150°C. Jacketing materials should have high flame retardant properties 
and good physical properties. It is desirable that one material combine good flame retardant, electrical and 
physical properties. 

No previously available insulation or jacketing material meets all the necessary requirements. Thus, a 
f lame-retardant composition on the basis of olefin polymers and alumina trihydrate Is known from JP-Kokai 
No. 61-213 237. This composition consists of a mixture of two polymers and alumina and/or magnesia. The 
two polymers must be selected from a listing of three polymers, but this composition does not meet all of the 
requirements for electric wire-coating applications so that it is desirable to find such materials. 

SUMMARY OFLTHEJNVENTIQN 



A composition having good electrical, physical, and flame retardant properties has been made comprising 
29 to 50% by weight linear low density polyethylene containing enough recurring units of an alkene-1 como- 
nomer of 4-12 carbon atoms to provide a density of less than 0.92 but preferably above 0.90 (preferably using 
octene-1 as the comonomer); 3 to 15 wt % based on the total composition of polypropylene material of a melt 
flow between 4 and 8 selected from the class consisting of: 

a) polypropylene homopolymer, 

b) nonelastomeric copolymer of propylene and ethylene, and 

c) melt-compounded blends or grafts of a) or b) with a rubber modified polypropylene; 

45-65 weight % based on composition of alumina trihydrate; 0.5 to 1.5 weight % based on composition of a 
coupling agent containing a hydrolyzable moiety containing titanium or silicon and also containing an organo- 
philic group; and an antioxidant in an amount sufficient to improve heat aging properties (preferably 0 2 to 1 5 
weight % antioxidant). 



DETAILS OF INVENTION 

The linear low density polyethylene (LLDPE) is preferably modified with octene-1 in amounts of 6-22 weight 
%, based on LLDPE, preferably 13 to 20 weight %. The LLDPE used in the examples was Dowiex® 4000E 
(from Dow Chemical Company), and contained about 17% octene recurring units, and had a melt index of 3.3 
and a density of 0.91 2. The analysis for octene content of LLDPE was performed by infrared spectroscopy after 
careful calibration fbr-CH 3 absorption using copolymers characterized by NMR. LLDPE provides a highermelt- 
ing point than other matrix polymers which might be used, including ethylene/vinyl acetate and ethyiene/ethyl 
acrylate. The LLDPE used also has good low temperature properties and very good tensile properties. The 
maximum amount of octene, and therefore the minimum density, is limited by the feasibility of production. If 
too little octene is used In the LLDPE, resulting In too high a density, there will be some loss in low temperature 
properties, compatibility with the filler, flexibility, and impact resistance. 

Other comonomers can be used, as mentioned above. 

The melt index Is generally 1-5, preferably 2-4. 

The LLDPE is 29-50 % by weight of the total composition. For Insulation, it is preferably 38-45%, while for 
jacketing it Is preferably 29-34 %. 

It Is important to use polypropylene in the composition, but the type of polypropylene is not critical. In pre- 
liminary tests, it proved possible to use propylene homopolymer; a plastic ethylene/propylene copolymer (re- 
actor-synthesized impact resistant polymer may be used here); or a rubber-modified polypropylene, which 
gave the best overall results. The chief advantage of rubber-modified polypropylene is that it makes it possible 
to pass the heat shock test at 150°C. without excessive loss of impact resistance. 

The polypropylene component should have a melt flow between 4 and 8, preferably between 5 and 7. Melt 
flow of the rubber modified polypropylene used in the Examples was 6. 

The amount of polypropylene is 3 to 1 5% by weight f the total composition. For insulation, 4-1 0% is pre- 
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ferred. while for jacketing, 3-7% is preferred. 

The rubber-modified polypropylene us d in the Examples was Himont M plen® EPX 30U. It is b II v d 
to be a plastic thylene/propyien copolymer mod if i d by the addition f an elast meric ethylen /propylen 
copolym r. In this application th term "rubber* or - lastomer" means what is defined as "rubber* by ASTM- 
"A rubber in its modified state, free of diluents, r tracts within 1 min to less than 1.5 times its original length 
after being stretched at room temperature (18 to 29°C) to twice its length and heid for 1 min before release " 

It ts known that alumina trihydrate filler enhances the flame resistance of many polymers. Considering both 
the insulation and jacketing requirements, the amount of alumina trihydrate in the composition can be 45-65% 
For insulation, the amount of alumina trihydrate is preferably 47-53% by weight of the total composition, while 
for jacketing the preferred amount is 59-65%. The alumina trihydrate used in the Examples was Martina/® 104 
LE from Martinswerk. Bergheim. W. Germany. Part of the alumina trihydrate can be replaced with Mg(OH) 2 or 
hydrated zinc borate. Inert fillers such as calcium carbonate can also be present. 

The coupling agents used in the present invention are known in the art and they contain a hydrolyzable 
moiety containing titanium or silicon and also an organophilic group. Usually, the hydrolyzable moiety is one 
or more aliphatic silicate orthoester groups or aliphatic titanate orthoester groups, and can be a chelate group 
Representative organophilic groups in the coupling agent include: phosphate esters, pyrophosphate esters 
phosphite esters, carboxylic esters, aromatic orthoesters. sulfonyl esters, alkyl or substituted alkyl esters vinyl 
esters, epoxy esters, amines, and vinyl groups. 

Representative coupling agents, such as described above, have the following chemical structures 

prganotitana^cpu 

or two (RO) groups are a chelate group. Usually the aikoxy group contains 1-5 carbon atoms, X is sulfonyl 
phosphato, pyrophosphate or phosphito; R^is an alkylidene group, usually containing 3^0 carbon atoms or 
an arylene group, usually containing 6-12 carbon atoms; Y is hydrogen, an alkyl group, usually containing 1- 
6 carbon atoms, a vinyl group, an amino group or a mercapto group; m is 1-3 and n is 1-3. 

Silane coupling agents have the formula YRSiX 3 or (YR) 2 SiX 2 where Y is a functional organic group, es- 
pecially a vinyl, amino, acryloxy or epoxy group; R is an alkylidene group, usually containing 2-4 carbon atoms 
and X is a hydrolyzable group, especially aikoxy, usually containing 1-2 carbon atoms. 

The amount of coupling agent in the composition is an amount that improves the tensile properties. Pre- 
ferably this amount can be 0.5 to 1.5%, most preferably 0.8 to 1.2%. 

It is believed that the inorganic portion of the coupling agent reacts with the hydroxy groups on the surface 
of the alumina trihydrate and the organic portion of the coupling agents readily blends or reacts with the polymer. 
The coupling agent leads to an increase in the tensile strength of the composition without detrimentally affecting 
other properties. 

The coupling agent used in the Examples was Ucarsil® FR 501 from Union Carbide Corporation, which is 
believed to have a silicon-containing hydrolyzable moiety and a silyl or vinyl-containing organophilic moiety. It 
can be used in conjunction with a catalyst to enhance its reactivity, but in the composition of this invention the 
use of the catalyst reduced the tensile elongation of the product (both before and after heat aging) to an un- 
desirable degree. 

The choice of an antioxidant or antioxidants is not critical, since numerous antioxidants are known to help 
the heat aging performance of polyolef ins. Among these are amines, phenols, phosphites, and thioesters The 
antioxidant used in the Examples is 2,2.4-trimethyM ,1 ,2-dihydroquinoline (Rector® H from Monsanto Chem- 
ical Company). The antioxidant is used in an amount effective to improve the tensile properties after heat aging 
This is a small quantity, typically 0.1-1.5 weight %, preferably 0.6-1.0%. 

The ingredients are melt blended together. The blending apparatus and conditions are not critical, provided 
that the shear rate is high enough to provide good dispersion of the filler in the polyolef ins and the melt tem- 
perature is high enough so that the tensile properties meet the goals. 

Where insulation properties are particularly desirable, a preferred composition will be defined as compris- 
ing 38-45% by weight linear low density polyethylene containing 1 3 to 20 weight % recurring units of octene- 
1 comonomer; 4-10% of rubber-modified polypropylene; 47-53% of alumina trihydrate; 0.&-1.2% coupling 
agent containing a hydrolyzable moiety containing titanium or silicon and also containing an organophilic group; 
and an antioxidant in an amount that Improves heat aging. 

Where Jacketing properties are particularly desirable a preferred composition will be defined as comprising 
29 to 34% by weight linear low density polyethylene containing 13 to 20 weight % recurring units of octene-1 
comonomen 3-7% of rubber-modified polypropylene; 59 to 65% of alumina trihydrate; 0.8-1.2% coupling agent 
containing a hydrolyzable moiety containing titanium or silicon and also containing an organophilic group; and 
an antioxidant in an amount that improves heat aging. 
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TEST METHODS 

In the attached tabl s, the abbreviati ns hav th following meanings and the t st methods ar as descri- 
bed: 

Tensile strength (TS) and elongation (E) are measured by IEC (International Electrotechnical Commis- 
sion) Publication 540-5.1. 

Aging is done according to IEC 540-6.1.4. 

Knife deformation is measured by IEC 540-8 after 4 hours at 70°C. 

Heat shock is measured after 1 hour at 150°C by IEC 540-10.1 at 150°C for 1 hour. 

Cold bend is measured by IEC 540-9.1. 

Low temperature impact resistance is measured by IEC 540-9.5 at -25°C f as modified by IEC 811-1-4- 

8.5. 

Shrinkage at 80°C is measured by IEC 540-20. Water absorption is measured by IEC 540-19.2. 
Limiting oxygen index is measured by ASTM-D-2863. 
Melt index is measured by ASTM-D 1238-E. 
Melt flow rate is measured by ASTM-D 1238-L. 

Electrical resistance is measured by immersing 5m of coated wire in water at 70°C for 10 days, then 
applying 500V between the conductor and the water. The resistance should be at least 2 megohmkm. 

EXAMPLES 

Example 1. The ingredients shown in Table I were mixed in a Buss Ko-Kneader,.(MDK46-110), made by 
Buss A. G., Basel, Switzerland. This is a high-shear device using a rotating shaft with projections on the shaft 
and projections on the barrel, leading to high shear as the shaft reciprocates inside the barrel. A dry blend of 
the polyolefins was prepared. Separately, a dry blend of alumina trihydrate, antioxidant, and coupling agent 
was made with a high speed rotating blade mixer. Half of the latter was dry blended with all the polyolefins 
blend and fed to the upstream hopper of the Ko-Kneader. The other half of the additives blend was fed to the 
hopper halfway down the Ko-Kneader barrel. The Ko-Kneader rotating member was 46 mm in diameter, the 
length/diameter ratio was 11, and the rotating member turned at 240 rpm. The maximum melt temperature was 
212°C. The product was granulated and later fed to a Rerfenhauser 50 mm single-screw extruder with com- 
pression ratio 1 .25 and length/diameter ratio 25:1 , equipped with a wire-coating crosshead for pressure coating 
a 1 mm coating onto AWG12 (2.27 mm) copper wire. Melt temperature was 1 89°C. After a 1 .5 m air gap, the 
wire, moving at 16 m/minute (in other experiments, wire rate was increased by more than an order of magni- 
tude), was quenched with cold water. Its outer diameter was 4.26-4.33 mm. Spark testing at 5.0 kV showed 
no faults. Wire test data are in Table I, and they met ail the desired specifications for insulation. Further testing 
of the resistance between the wire and a 70°C water bath showed that the product had a resistance of 6.5 me- 
gohmkm, well above the goal. 

Example 2. The ingredients shown in Table I were mixed in the same manner as in Example 1. The granu- 
lated product was fed to the same extruder and used to coat the same size wire at a polymer temperature of 
1 93°C at 1 7 m/minute. Spark testing at 5.0 kV showed no faults. While the product met specifications, the use 
of 10% rubber-modified polypropylene resulted in poorer elongation after heat aging. 

Example 3. The ingredients shown in Table I were mixed in the same manner as in Example 1 . Trie granu- 
lated product was fed to the same extruder and used to coat the same size wire at a polymer temperature of 
200°Catthesame conditions, except the wire speed was 15m/minute. Again the spark testing at 5.0 kV showed 
no faults. Outer diameter was 4.27-4.30 mm. Product measurements are In Table l t and ail goals for jacketing 
were met 

Examples 4-9 and Comparative Examples 1-4. These examples were made by mixing the polymers on a 
roll mill at a temperature between 150°C and 180°C, then adding the other components. The mixture, while 
stfll hot, was moved to a compression press and placed between f Oms of ethylene/tetraf luoroethylene copoly- 
mer in a chase 3mm thick. The press was at the same temperature as the roll mill, and each sample was pressed 
for 3 minutes, then cooled while under pressure. The 3 mm plaques made this way were tested for ultimate 
tensile strength and elongation and for heat shock, as preliminary screening tests. The results are shown In 
Table II. It is been that the compositions of Examples 4-9 meet several critical property goals, but when alumina 
trihydrate was not present the flame resistance was low. 

Example 10. This example shows that butene-modified LLDPE can be used in the present invention. Ex- 
ample 1 was repeated except that the high octene LLDPE was replaced by high butene LLDPE with a density 
of 0.91 0, produced by CDF in France under th trade name Norsof lex® LW 2220. The melt temperature during 
wire coating was 201 °C and the line speed was 1 6 m/min. Th test data on the insulated wire met goals in very 
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test that was run: 

t nsil str ngth 14.1 MPa 

5 tensile elongation 222% 

heat shock pass 
tensile strength after 

10 aging 7 days at 100 'C 14.2 

% change on aging +0.7% 
tensile elongation after 

aging 7 days at 100 *c 180% 

15 % change on aging -18.9% 
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Further examples for the composition of the invention are a halogen-free insulated primary wire which passes 
a heat shock test at 150°C for 1 hour, passes a cold bend test at -15°, passes a low temperature impact test 
at -25°C, has less than 4% shrinkage at 80°C, has a knife deformation of less than 50%, has a limiting oxygen 
Index of great r than 25; and which aft r removal of th conductor has a tensile strength of greater than 6 MPa, 
a tensile elongation of greater than 125%, a water absorption of less than 4 mg/cm 2 ; and after removal of the 
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conduct r and aging at 1 00°C for 7 days has a tensile strength of greater than 5 MPa, changed less than 30% 
from th unaged strength and has a tensile elongation of greater than 100%, chang d I ss than 30 % from th 
imaged tensil longation; using th test methods specified herein; and a jack ted bundle of insulated wires 
in which the jacket is made f the composition of th Inv ntion, which bundle passes a heat shock test at 1 50°C 
for one hour, passes a cold bend test at -15°C, passes a low temperature impact test at -25°C, has less than 
4% shrinkage at 80°C, has a knife deformation of less than 50%, has a limiting oxygen index of greater than 
30; and the halogen-free jacket of which after removal from the bundle of wires has a tensile strength of greater 
than 8 Mpa, a tensile elongation of greater than 125%, a water absorption of less than 10 mg/cm 2 ; and after 
aging at 1 00°C for 7 days has a tensile strength of greater than 7 MPa, changed less than 30% from the unaged 
strength and has a tensile elongation of greater than 100%, changed less than 30% from the unaged tensile 
elongation, using the test methods specified herein. 



Claims 

1. A composition comprising 29 to 50% by weight of composition of a linear low density polyethylene con- 
taining recurring units of an alkene-1 comonomerof 4-12 carbon atoms sufficient to provide a density less 
than 0.92; 3 to 15% of polypropylene material of a melt flow between 4 and 8 selected from the class con- 
sisting of 

a) polypropylene hornopoiymer, 

b) nonelastomeric copolymer of propylene and ethylene, and 

c) melt-compounded blends or grafts of a) or b) with a rubber-modified polypropylene; 45-65% of alu- 
mina trihydrate; 0.5 to 1.5% of a coupling agent containing a hydrolyzable moiety containing titanium 
or silicon and also containing an organophilic group; and an antioxidant in an amount that improves heat 
aging. 

2. An insulating composition comprising 38-45% by weight linear low density polyethylene of density 0.90- 
0.92 containing 13 to 20 weight % recurring units of octene-1 comonomer; 4-10% of rubber-modified poly- 
propylene; 47-53% of alumina trihydrate; 0.8-1 .2% coupling agent containing a hydrolyzable moiety con- 
taining titanium or silicon and also containing an organophilic group; and an antioxidant in an amount that 
improves heat aging. 

3. A jacketing composition comprising 29 to 34% by weight linear low density polyethylene of density 0.90- 
0.92 containing 1 3 to 20 weight % recurring units of octene-1 comonomer; 3-7% of rubber-modified poly- 
propylene; 59 to 65% of alumina trihydrate; 0.8-1 .2% coupling agent containing a hydrolyzable moiety con- 
taining titanium or silicon and also containing an organophilic group; and an antioxidant in an amount that 
improves heat aging. 

4. A halogen-free insulated primary wire of the composition of Claim 1 or 2 which passes a heat shock test 
at 150°C for 1 hour, passes a cold bend test at -15°, passes a low temperature impact test at -25°C ( has 
less than 4% shrinkage at 80°C, has a knife deformation of less than 50%, has a limiting oxygen index of 
greater than 25; and which after removal of the conductor has a tensile strength of greater than 6 MPa, 
a tensile elongation of greater than 1 25%, a water absorption of less than 4 mg/cm 2 ; and after removal of 
the conductor and aging at 100°C for 7 days has a tensile strength of greater than 5 MPa, changed less 
than 30% from the unaged strength and has a tensile elongation of greater than 1 00%, changed less than 
30 % from the unaged tensile elongation; using the test methods specified herein. 

5. A jacketed bundle of insulated wires In which the jacket is made of the composition of Claim 1 or 3, which 
bundle passes a heat shock test at 150°C for one hour, passes a cold bend test at -15°C, passes a low 
temperature impact test at -25°C t has less than 4% shrinkage at 80°C, has a knife deformation of less 
than 50%, has a limiting oxygen index of greater than 30; and the halogen-free jacket of which after re- 
moval from the bundle of wires has a tensile strength of greater than 8 MPa, a tensile elongation of greater 
than 125%, a water absorption of less than 10 mg/cm 2 ; and after aging at 100°C for 7 days has a tensile 
strength of greater than 7 MPa, changed less than 30% from the unaged strength and has a tensile elon- 
gation of greater than 100%, changed less than 30% from the unaged tensile elongation, using the test 
methods specified herein. 
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Paten tan pruch 

1. Zusammensetzung umfassend 29 bis 50 Gewichts-% inerZusammens tzung aus Hnearem Poly thyt n 
mitniedrig rDicht enthaltendwi derkehrend Einheiten von Aiken-1-comonomermit 4-12 Kohlenstoff- 
atomen ausreichend, urn eine Dichte geringer als 0,92 bereitzustellen; 3 bis 15 % Polypropylenmaterial 
mit einem SchmelzfluB zwischen 4 und 8 ausgewahlt aus der Klasse bestehend aus 

a) Polypropylen homopolymer, 

b) nichtelastomeres Copolymer aus Propylen und Ethylen, und 

c) durch Schmelzen vermischte Gemische oder Pfropfcopolymere aus a) oder b) mit einem Kautschuk- 
modifizierten Polypropylen; 45-65 % Aluminiumoxidhydrat; 0,5 bis 1,5 % eines Kupplungsmitteis ent- 
haltend eine hydrolysierbare Gruppe enthaltend Titan oder Silicium und auch enthaJtend eine 
organophile Gruppe; und ein Antioxidans in einer Menge, weiche WSrmealterung verbessert. 

2. Isolierzusammensetzung umfassend 38-45 Gewichts-% lineares Polyethylen mit niedriger Dichte von ei- 
ner Dichte von 0,90-0,92 enthaltend 13 bis 20 Gewichts-% wiederkehrende Einheiten von Octen-1-co- 
monomen 4-1 0 % Kautschuk-modif iziertes Polypropylen; 47-53 % Aluminiumoxidhydrat; 0,8-1 ,2 % Kupp- 
lungsmittel enthaltend einen hydrolisierbaren Teil enthaltend Titan oder Silicium und auch enthaltend eine 
organophile Gruppe; und ein Antioxidans in einer Menge, weiche Warmealterung verbessert. 

3. Ummantelun g szusammensetzun g umfassend_29^bis_34_Gewichta-%JinAareg-pQlyftthyiQn-mit niedriger 
Dichte von einer Dichte von 0,90-0,92 enthaltend 13 bis 20 Gewichts-% wiederkehrende Einheiten von 
Octen-1-comonomer; 3-7 % Kautschuk-modif iziertes Polypropylen; 59 bis 65 % Aluminiumoxidhydrat; 
0,8-1 T 2 % Kupplungsmittel enthaltend einen hydrolisierbaren Teil enthaJtend Titan oder Silicium und auch 
enthaltend eine organophile Gruppe; und ein Antioxidans in einer Menge, weiche Warmealterung verbes- 
sert 

4. Halogenfreier isolierter Primardraht aus der Zusammensetzung nach Anspruch 1 oder 2, welcher einen 
Hitzeschocktest uber eine Stunde bei 150 °C, einen Kaltbiegeversuch bei -15°C und einen Tieftempera- 
turschlagversuch bei -25°C durchlSuft, eine Schrumpfung von weniger als 4 % bei 80°C und eine Mes- 
serverformung von weniger als 50 % auf weist, einen Grenzsauerstoffindex von grfi&er als 25 hat; und 
welcher nach Entfernen des Leiters eine Zugfestigkeit grd&er als 6 MPa, eine Zugdehnung von grd&er 
als 125 % # eine Wasserabsorption von weniger als 4 mg/cm 2 ; und nach Entfernen des Leiters und Altern 
bei 1 00°C uber 7 Tage eine Zugfestigkeit grd&er als 5 MPa hat, verandert urn weniger als 30 % gegenuber 
der ungeaJterten Festigkeit und eine Zugdehnung von grfi&er als 100 % hat, verandert urn weniger als 
30 % gegenuber der ungeaJterten Zudehnung, unter Verwendung der hier beschriebenen Testverfahren. 

5. Ummanteltes Bundel von isolierten Drahten, worin der Mantel hergestellt ist aus der Zusammensetzung 
nach Anspruch 1 oder 3, wobei das Bundel einen Hitzeschocktest uber eine Stunde bei150°C, einen Kalt- 
biegeversuch bei -15°C und einen Tieftemperaturschlagversuch bei -25°C durchiauft, eine Schrumpfung 
von weniger als 4 % bei 80°C und eine Messerverformung von weniger als 50 % aufweist, einen Grenz- 
sauerstoffindex von grd&er als 30 hat; und dessen halogenfreier Mantel nach Entfernen von dem Draht- 
bQndel eine Zugfestigkeit gr6Ber als 8 MPa hat, eine Zudehnung von grSBer von 125 %, eine Wasserab- 
sorption von weniger als 1 0 mg/cm 2 ; und nach Altern bei 1 00°C Ober 7 Tage eine Zugfestigkeit grader als 
7 MPa hat, verandert urn weniger als 30 % gegenuber der ungeaJterten Festigkeit und eine Zugdehnung 
von grd&er als 100 % hat, verandert urn weniger als 30 % gegenOber der ungealterten Zugdehnung, unter 
Verwendung der hier beschriebenen Testverfahren. 



Revendlcatlons 

1. Une composition comprenant 29 a 50 % en poids sur la base de la composition d'un polyethylene basse 
densite lineaire contenant des motifs recurrents d'un comonomere du type alcene-1 de 4 a 12 a tomes de 
carbons en quantite suff isante pour conferer une densite Inferieure a 0,92 ; 3 a 15 % d'une matiere a base 
de polypropylene ayant un indice d'ecoulement a I'etat fondu compris entre 4 et 8, chotsie dans la classe 
formee par 

a) un polypropylene homopolymere, 

b) un copoJymere non elastomere de propylene et d'ethylene, et 

c) desproduitsdegreffag oudesmelang s prepares a I'etat fondu de a) ou b) av cun polypropylene 
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modif ie par du caoutchouc ; 45 a 65 % d'alumine trihydrate ; 0,5 a 1 ( 5 % d'un agent de couplage conte- 
nantun porti n hydrolysabl contenant du titan udusiliciumet contenant egal m ntun group r- 
gan phfl ; et un antioxydant n une quantite qui am6lior le vieillissement thermique. 

2. Une comp sition d'isolement comprenant 38 a 45 % en poids d'un polyethylene basse densit6 lineaire 
ayant une densite de 0 P 90 a 0,92 contenant 13 a 20 % en poids de motifs recurrents d'octene-1 comme 
comonomere ; 4 a 10 % en poids de polypropylene modif ie par du caoutchouc ; 47 a 53 % d'alumine tri- 
hydratee ; 0,8 a 1 ,2 % d'agent de couplage contenant une portion hydrolysable contenant du titane ou du 
sDicium et contenant egaiement un groupe organophile ; et un antioxydant en une quantite qui ameliore 
le vieillissement thermique. 

3. Une composition de gainage comprenant 29 a 34 % en poids d'un polyethylene basse densite Iin6aire 
ayant une densite de 0,90 a 0,92 contenant 13 a 20 % en poids de motifs recurrents d'octene-1 comme 
comonomere ; 3 a 7 % en poids de polypropylene modifie par du caoutchouc ; 59 a 65 % d'alumine tri- 
hydratee ; 0,8 a 1,2 % d'agent de couplage contenant une portion hydrolysable contenant du titane ou du 
sUlcium et contenant egaiement un groupe organophile ; et un antioxydant en une quantite qui ameliore 
le vieillissement thermique. 

4. Un f il metallique primaire isole sans haJogene de la composition de la revendication 1 ou 2, qui passe une 
6pj^uvejechoc ther mique a 150°C pendant 1 heure, passe une e preuve de pliage a froid ^^.15?C, pacgft 
une epreuve de choc a basse temperature a -25°C f presente un retrait inferieur a 4 % a 80°C, presente 
une deformation au couteau inferieure a 50 %, presente un indice d'oxygene superieur a 25 ; et qui, apres 
enlevement duconducteur r presente une resistance a la traction sup6rieure a 6 MPa, un allongement a 
la traction superieur a 125 %, une absorption d'eau inferieure a 4 mg/cm 2 ; et qui, apres enlevement du 
conducteur et vieillissement a 100°C pendant 7 jours, presente une resistance a la traction superieure a 
5 MPa, ayant varie de moins de 30 % par rapport a la resistance a l'6tat non vieilli, et pr6sente un allon- 
gement a la traction superieur a 100 % ( ayant varie de moins de 30 % par rapport a I'allongement a la 
traction a l'6tat non vieilli ; en utilisant les m£thodes d'essai sp6cif iees ici. 

5. Un faisceau gaine de f Ms m6talliques isoles, dans lequel la gaine est constituee de la composition de la 
revendication 1 ou 3, lequel faisceau passe une epreuve de choc thermique a 150°C pendant 1 heure, 
passe une epreuve de pliage a froid a -15°C, passe une epreuve de choc a basse temperature a -25°C, 
presente un retrait inferieur a 4 % a 80°C, presente une deformation au couteau inferieure a 50 %, presente 
un indice d'oxygene superieur a 30 ; et dont la gaine sans haJogene, apres enlevement du faisceau de 
fils, presente une resistance a la traction superieure a 8 MPa, un allongement a la traction superieur a 
125 %, une absorption d'eau inferieure a 10 mg/crh 2 ; et, apres vieillissement a 100°C pendant 7 jours, 
presente une r6sistance a la traction superieure a 7 MPa, ayant varie de moins de 30 % par rapport a la 
resistance a I'etat non vieilli, et presente un allongement a la traction superieur a 100 %, ayant varie de 
moins de 30 % par rapport a I'allongement a la traction a I'etat non vieilli ; en utilisant les methodes d'essai 
specif lees ici. 



10 



